Increased neuronal excitability, synaptic plasticity, and learning in aged Kvbeta1.1 knockout mice.
Advancing age is typically accompanied by deficits in learning and memory. These deficits occur independently of overt pathology and are often considered to be a part of "normal aging." At the neuronal level, normal aging is known to be associated with numerous cellular and molecular changes, which include a pronounced decrease in neuronal excitability and an altered induction in the threshold for synaptic plasticity. Because both of these mechanisms (neuronal excitability and synaptic plasticity) have been implicated as putative cellular substrates for learning and memory, it is reasonable to propose that age-related changes in these mechanisms may contribute to the general cognitive decline that occurs during aging. To further investigate the relationship between aging, learning and memory, neuronal excitability, and synaptic plasticity, we have carried out experiments with aged mice that lack the auxiliary potassium channel subunit Kvbeta1.1. In aged mice, the deletion of the auxiliary potassium channel subunit Kvbeta1.1 resulted in increased neuronal excitability, as measured by a decrease in the post-burst afterhyperpolarization. In addition, long-term potentiation (LTP) was more readily induced in aged Kvbeta1.1 knockout mice. Finally, the aged Kvbeta1.1 mutants outperformed age-matched controls in the hidden-platform version of the Morris water maze. Interestingly, the enhancements in excitability and learning were both sensitive to genetic background: The enhanced learning was only observed in a genetic background in which the mutants exhibited increased neuronal excitability. Neuronal excitability is an important determinant of both synaptic plasticity and learning in aged subjects.